Implementation of an Overall Design of a Flexible Manufacturing System  by Erdin, M. Emin & Atmaca, Alper
 Procedia Technology  19 ( 2015 )  185 – 192 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2015.02.027 
J>"DJ;HD7J?ED7B ED<;H;D9; "DJ;H:?I9?FB?D7H?JO?DD=?D;;H?D="'-+	' 	(9JE8;H
-?H=K	&KH;I+EC7D?7
"CFB;C;DJ7J?EDE<7DEL;H7BB:;I?=DE<7<B;N?8B;C7DK<79JKH?D=
IOIJ;C
&
C?DH:?D7BF;HJC7978
!)3)3.)5%12)37 8%51%7/,44,5!1:/8/14-	41+%7
")3)3.)5%12)37 !-24.!$$%2)/8/14-		41+%7
!120 "2
"DJ>?IIJK:O7D?CFB;C;DJ7J?EDE<J>;:;I?=DE<7D&,?IF;H<EHC;:JE97B9KB7J;D;9;II7HODKC8;HKJ?B?P7J?ED 7D:I;GK;D9;E<
MEHAIJ7J?EDI 7D: FB7DJ B7OEKJ <EH =?L;D FHE:K9J?ED GK7DJ?J?;I E< :?<<;H;DJ F7HJI FHE9;II?D= I;GK;D9; 7D: J?C;I
 D7BOJ?97B
8EJJB;D;9ACE:;B7D:H7DAEH:;H9BKIJ;H?D=J;9>D?GK;I7H;KI;:?DJ>;97B9KB7J?ED7D:7D7BOI?IE<J>;IOIJ;C
&7DK<79JKH?D=9;BBI
7H;9EDIJ?JKJ;:<EHI?C?B7HF7HJIJEI?CFB?<OJ>;7D7BOI?IE<J>;IOIJ;C7D:JE;<<?9?;DJKI;E<MEHAIJ7J?EDI
+;IKBJI7H;9ECF7H;:
M?J>J>;9EDL;DJ?ED7BC7DK<79JKH?D=9ED:?J?EDIJE:;J;HC?D;J>;;<<;9J?L;D;II E<J>;?CFB;C;DJ7J?ED

Q  ->;KJ>EHI
)K8B?I>;:8OBI;L?;H%J:

,;B;9J?ED7D:EHF;;H	H;L?;MKD:;HH;IFEDI?8?B?JOE<T);JHK&7?EHU .D?L;HI?JOE<-?H=K	&KH;I79KBJOE<D=?D;;H?D=

%76/1$2 B;N?8B;C7DK<79JKH?D=8EJJB;D;9ACE:;BMEHAIJ7J?ED I;GK;D9;KJ?B?P7J?EDH7DAEH:;H9BKIJ;H?D=

 ,20-#3"2(-,
B;N?8B;&7DK<79JKH?D=,OIJ;CI &, 7H; FH;<;HH;: ?DCEH; 7D:CEH; ;IJ78B?I>C;DJIM?J> ;79> F7II?D= :7O
8;97KI;E<J>;?HDKC;HEKI7:L7DJ7=;IIK9>7IBEM7CEKDJE<IJE9A>?=>9ECF;J?J?L;D;II >?=>FHE:K9JGK7B?JOBEM
C7DK<79JKH?D= B;7: J?C; &%- GK?9A H;IFEDI; JE 9KIJEC;H :;C7D:I BEM B78EH 9EIJ ;J9
 I?D9; J>;O >7L; <?HIJ
9ED9;FJK7B?P;::KH?D= J>;C?: I
 &,I7H;78B; JEC7DK<79JKH;7M?:;L7H?;JOE<FHE:K9JIM?J>CK9>>?=>;H
FHE:K9J?L?JOM>;D9ECF7H;:M?J>9EDL;DJ?ED7B7J;B?;HJOF;C7DK<79JKH?D=45
 B;N?8B;C7DK<79JKH?D= & 97D8;
:;<?D;: 7I 7 9ECFKJ;H 9EDJHEBB;: MEHAIJ7J?ED 7D: C7J;H?7B >7D:B?D= IOIJ;C M>?9> ;D78B;I FHE9;II?D= 7D:EH
EHH;IFED:?D=7KJ>EH
-;B
			<7N			

-!),!$$1%22 ;C?D;H:?D>?J?J
;:K
JH
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
186   M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
7II;C8BO E< 7 M?:; L7H?;JO E< F7HJI GK?9ABO M?J> C?D?CKC MEHAIJ7J?ED 9ED<?=KH7J?ED F;H?E:I 7D: C7N?CKC
MEHAIJ7J?ED KJ?B?P7J?ED
 &,I ?D9BK:; J>;C7J;H?7B JH7DIFEHJ IOIJ;C J>; 8K<<;H J>;MEHAF?;9;M7H;>EKI; >KC7D
H;IEKH9;I 7D:EJ>;HI 8;I?:;IJ>;FHE9;II?D=;GK?FC;DJ45
 JOF?97B&,97DFHE9;II ED;EHCEH;F7HJ<7C?B?;I
9EDJ?DKEKIBO 7D: I?CKBJ7D;EKIBO M?J>EKJ >KC7D ?DJ;HL;DJ?ED 7D: ?I <B;N?8B; ;DEK=> JE IK?J 9>7D=?D= C7HA;J
9ED:?J?EDI7D:FHE:K9JJOF;I 45
 &,I97D;7I?BO7D:GK?9ABO8;9ED<?=KH;:JEC7DK<79JKH;D;MF7HJIEHFHE:K9JI

(D J>; EJ>;H >7D: J>;H; 7H; IEC; ?CFEHJ7DJ F7H7C;J;HI J>7J >7L; JE 8; 9EDI?:;H;: IK9> 7I <?D7D9?7B 7D:
J;9>DEBE=?97B <79JEHI ;:K97J?ED7B 7:;GK7J;D;II C7?DJ;D7D9; 7D: IF7H; F7HJ FEJ;DJ?7BI ?D:KIJH?7B H;B7J?EDI H?L7B
9ECF7D?;I KD;CFBEOC;DJ 7D: =EL;HDC;DJ FEB?9?;I ;J9
 ?D F7II?D= JE &
 ->; 9ECFB;N IJHK9JKH; E< &,I 7D:
GK?9A9>7D=;I?D9KIJEC;H:;C7D:IH;GK?H;:;J7?B;:7D7BOI;IE<C7DK<79JKH?D=FHE9;II;I
"DJ>;B?J;H7JKH;J>;H;7H;
FB;DJOE<IJK:?;I 78EKJC7J>;C7J?97B4		57D:I?CKB7J?ED87I;:4		5 7D7BOI?IE< &,I

-+$,"* 230$
,? DKC8;HE<8KIOI;HL;HI7JIJ7J?ED?
<?@A <H;GK;D9O<EHEF;H7J?EDAE<F7HJ@ 7JIJ7J?ED?
C DKC8;HE< :?<<;H;DJ F7HJI
D DKC8;HE<:?<<;H;DJIJ7J?EDI
DJH 7L;H7=;DKC8;HE<JH7DIFEHJI
F@ <H79J?EDE< F7HJ@?DJEJ7BDKC8;HE<F7HJI
H DKC8;HE<:?<<;H;DJEF;H7J?EDI
+F? FHE:K9J?EDH7J; E<IJ7J?ED?
+F C7N?CKCFHE:K9J?EDH7J;
I? DKC8;HE<I;HL;HI7JIJ7J?ED?
I DKC8;HE<I;HL;HI7J8EJJB;D;9AIJ7J?ED
J?@A FHE9;II?D=J?C;<EHEF;H7J?EDAE<F7HJ@ 7JIJ7J?ED?
JJH 7L;H7=;JH7DIFEHJJ?C;8;JM;;DI;HL;HI
.? 7L;H7=;KJ?B?P7J?EDE<IJ7J?ED?
.I EL;H7BBKJ?B?P7J?ED
0%? 7L;H7=;MEHABE7: E< IJ7J?ED?
0%JH 7L;H7=;MEHABE7:E<JH7DIFEHJIOIJ;C
0% 7L;H7=;MEHABE7:E<8EJJB;D;9AIJ7J?ED
 '$-0$2(" * ")&0-3,#
&7DK<79JKH?D= FHE9;II;I >7L; JE8;FB7DD;: 97H;<KBBO JE E8J7?D >?=> GK7B?JO F7HJIFHE:K9JIM?J> BEM 9EIJ 7D:
>?=> IF;;:
D7BOI?IE<7C7DK<79JKH?D= IOIJ;C ?I79ECFB;NMEHAM>?9>9EDI?IJIE<:;J;HC?D7J?EDE<D;9;II7HO
MEHAIJ7J?EDI 97B9KB7J?ED E<&%-I 7D: KJ?B?P7J?ED E< MEHAIJ7J?EDI =HEKF?D= E< F7HJIFHE:K9JI 799EH:?D= JE J>;?H
=;EC;JH?97B7D:EHFHE9;II?D=I?C?B7H?J?;I9EDIJ?JKJ?D=C7DK<79JKH?D=9;BBI<EH=HEKF;:F7HJIFHE:K9JI 7FFEHJ?ED?D=
MEHAIJ7J?EDI ?DJE J>;I;9;BBI7D:I;GK;D9?D=MEHAIJ7J?EDI ?D J>;9;BBI
D7BOI?I97D8;F;H<EHC;:KI?D=F>OI?97B
7D7BOJ?97B7D:I?CKB7J?ED87I;:C;J>E:I
 "D J>?IFHE8B;C7D7BOJ?97BC;J>E: ?IKI;: JE97B9KB7J;78EL;C;DJ?ED;:
F7H7C;J;HI

D7BOJ?97B8EJJB;D;9ACE:;B7D:H7DAEH:;H9BKIJ;H?D=J;9>D?GK;I7H;KI;:?DJ>;97B9KB7J?ED7D:7D7BOI?IE<J>;
IOIJ;C
&7DK<79JKH?D=9;BBI7H;9EDIJ?JKJ;:<EHI?C?B7HF7HJIJEI?CFB?<OJ>;7D7BOI?IE<J>;IOIJ;C7D:JE;<<?9?;DJ
KI;E<MEHAIJ7J?EDI
,;GK;D9;E<MEHAIJ7J?EDI?D;79>9;BB?I:;J;HC?D;:KI?D=!EBB?;H0?B:J;9>D?GK;JEC?D?C?P;
JH7DIFEHJE<MEHA	?D	FHE9;II;I0")7D:J>KIBEM;H?D=&%-I7D:9EIJI

EJJB;D;9A CE:;B ?I 7 I?CFB; 7D: ?DJK?J?L; :;J;HC?D?IJ?9 7FFHE79> J>7J 97D :;I9H?8; &, F;H<EHC7D9;
C7J>;C7J?97BBO45
 ->;FKHFEI;E<J>;7D7BOI?I?IJE:;J;HC?D;D;9;II7HO DKC8;HE< I;HL;H 7J;79>MEHAIJ7J?ED JE
<KB<?BJ>;FHE:K9J?EDH7J;I8O97B9KB7J?D=J>;MEHABE7:IE<7BBIJ7J?EDI7I<EBBEMI
187 M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
) )*+ )*+ *
* +
  3 & 0 
'KC8;HE<I;HL;HI ?D J>; JH7DIFEHJIOIJ;C>7I JE8;:;J;HC?D;:7IM;BB 7I ?D J>;C7DK<79JKH?D=7II;C8BO7D:
>7D:B?D=IJ7J?EDI
 -E:EJ>?IJ>;7L;H7=;DKC8;HE<JH7DIFEHJI M>?9> ?I7D?CFEHJ7DJF7H7C;J;HJE97B9KB7J;J>;J?C;
IF;DJ<EHJH7DI<;HE<0")I >7IJE8; 97B9KB7J;:7I<EBBEMI
31 )*+ *
) * +
. & 0  
M>;H; ?WD @WC 7D: AWH
 "D J>?I 97I;MEHABE7: E< J>; JH7DIFEHJ IOIJ;C 97D 8; 97B9KB7J;: 7I
<EBBEMI
31 31 31  . 3 
)HE:K9J?EDH7J;E<;79>IJ7J?ED97D8;97B9KB7J;:7I<EBBEMI
)
0)
)
2
 
 
)HE:K9J?EDH7J;E<J>;IOIJ;C97D8;97B9KB7J;:7I<EBBEMI


0
2
 
 
'KC8;HE<8KIOI;HL;HI7J;79>IJ7J?ED97D8;97B9KB7J;:7I<EBBEMI


) ) 0 )
2     
 
  
.J?B?P7J?EDE<;79>IJ7J?ED 97D 8;97B9KB7J;:7I<EBBEMI



) )
) 0
) )
    2 
2 2  
  
.J?B?P7J?EDE<J>;IOIJ;C97D8;97B9KB7J;:7I<EBBEMI


.
) )
)
2 .
)
)
2

2






188   M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
 , *51(1 ,#-#$*(,&
&7J>;C7J?97B 7D7BOI?I E< J>; C7DK<79JKH?D= IOIJ;C ?DM>?9>:?<<;H;DJ F7HJI 7H;FHE:K9;:KI?D=:?<<;H;DJ
C7DK<79JKH?D= 7D: 7II;C8BO FHE9;II;I M?J> 7D ?DIF;9J?ED 7 >7D:B?D= 7D: 7 JH7DIFEHJ IOIJ;C ?I H;7B?P;:
 
FHE9;II;I>7L;JE8;F;H<EHC;:<EHC7DK<79JKH?D= E< 7BBF7HJI
 -EJ7B7CEKDJE<F7HJIC7DK<79JKH;:?D7CEDJ>?D
J>?I<79?B?JO?I
&7DK<79JKH?D=H7J?EIE<7BBF7HJIC7DK<79JKH;:?DJ>;IOIJ;C?I=?L;D?D-78B;

-78B;
&7DK<79JKH?D= H7J?EIE< J>; F7HJI

 02 )
 )
 )
 )
 )
 )
 )
 )
 )
 )
 )

 2(- 
 
 
 
 
 
 
 
 
 
 

 02 )
 )
 )
 )
 )
 )
 )
 )
 )
 )
 )

 2(- 
 
 
 
 
 
 
 
 
 
 

 02 )
 )
 )
 )
 )
 )
 )
 )
 )
 )
 -EJ7B
 2(- 
 
 
 
 
 
 
 
 
 
 

->;C7DK<79JKH?D=IOIJ;CMEHAI7FFHEN?C7J;BO:7OIF;HCEDJ>M?J>I>?<JIE<>EKHI?D7:7O
<<?9?;D9O
E< J>; IOIJ;C ?I 97B9KB7J;: JE 8; M>?9> H;IKBJI <HECC7?DJ;D7D9; H;F7?H :;7:BE9AI 7D: EJ>;H KD;NF;9J;:
9ED:?J?EDI
"D-78B;CEDJ>BOFHE:K9J?ED7CEKDJFHE:K9J?EDH7J?EI;GK;D9;J?C;7D:<H;GK;D9OE<FHE9;II;I <EH
F7HJ)
 M>?9>7H;KI;:?DJ>;7D7BOI;I7H;=?L;D7I7D;N7CFB;

-78B;
&7DK<79JKH?D=FHE9;IIF7H7C;J;HIE<F7HJ)


 02 -,2'*50-#3"2(-,+-3,2 0-#3"2(-, 2(- 0-"$11 0-"$11(+$1$" 0-"$110$/3$,"5
%E7:?D=  

-KHD?D=  

&?BB?D=  

H?BB?D=  

)
  
 -KHD?D=  

H?BB?D=  

II;C8BO  

"DIF;9J?ED  

.DBE7:?D=  

L;H7=;DKC8;HE<JH7DIFEHJI?IKI;:JE97B9KB7J;J>;MEHABE7:E<JH7DIFEHJIOIJ;C
"D-78B;7L;H7=;DKC8;H
E<JH7DIFEHJI?D;79>9;BB7D:?DJ>;IOIJ;C?I=?L;D
L;H7=;J?C;E<7JH7DIFEHJ8;JM;;DJMED;?=>8EKHI;HL;HI?I
J7A;DJE 8;I;9ED:I
.DBE7:?D=7D:BE7:?D=J?C;I7H;DSJ?D9BK:;:?DJH7DIFEHJJ?C;I

-78B;
L;H7=;DKC8;HE<JH7DIFEHJI?DJ>;9;BBI7D:IOIJ;C

4$0 &$,3+!$0-%20 ,1.-021
$** $** $** $** 	 $**
 $** 512$+
DJH 
 
 
 
 
 
 

)B7DD?D= J>;C7DK<79JKH?D= E<  F7HJI M>?9> >7L; 9EDI?:;H78BO :?<<;H;DJ MEHA <BEMI ED 7D ?D:?L?:K7B 87I?I
I>EKB:8;?D;<<;9JK7B
EHJ>?IH;7IEDF7HJI7H;=HEKF;:?DJE9;BBI 799EH:?D=JEJ>;?HFHE9;III?C?B7H?J?;IKI?D=H7DA
EH:;H9BKIJ;H?D=C;J>E:7II>EMD?D-78B;

0EHABE7:IE< IJ7J?EDI ?I7D ?CFEHJ7DJF7H7C;J;H JE:;J;HC?D; J>;D;9;II7HODKC8;HE< I;HL;HI ?D7 IJ7J?ED
 "D
-78B;MEHABE7:IE<7BBIJ7J?EDI?D;79>9;BB7D:?DJ>;IOIJ;C?I=?L;D

189 M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
-78B;
EHC7J?EDE<C7DK<79JKH?D=9;BBI799EH:?D=JEFHE9;III?C?B7H?J?;I

,J6! ,J6- ,J6& ,J6 ,J6 ,J6 ,J6 ,J6" ,J6 ,J6-H
$** )
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1 1
$** )
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
$** )
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
$**	 )
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1 1
$**
 )
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
$** )
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1 1 1
)
 1 1 1 1 1 1
)
 1 1 1 1 1 1 1
,J,J7J?ED))7HJ !!7D:B?D=--KHD?D=&&?BB?D=H?BB?D=  H?:?D=
EH=?D= KJJ?D=""DIF;9J?D=II;C8B?D= -H -H7DIFEHJ?D=
-78B;
 0EHABE7:I E<IJ7J?EDI

-0)*- #1$"
$** $** $** $**	 $**
 $** 512$+
0%! 
 
 
 
 
 
 

0%- 
 
 
 
 
 
 

0%& 
 
 
 
 
 
 

0% 
 
 
 
 
 
 

0% 
 
 
 
 
 
 

0% 
 
 
 	 	 	 

0% 
 
 	 
 	 
 

0%" 
 
 
 
 
 
 

0% 
 	 	 
 
 	 

0%JH 
 
 
 
 
 
 

)HE:K9J?ED H7J; E< 7 IJ7J?ED H;FH;I;DJI J>; DKC8;H E< F7HJI ?D 7 IF;9?<?9 J?C; F;H?E: J>7J 7 I;HL;H ?I 78B; JE
C7DK<79JKH;
)HE:K9J?EDH7J;IE< 7BB IJ7J?EDIM?J>EDBOI;HL;H ?D;79>9;BB7D:?DJ>;IOIJ;C?I=?L;D?D-78B;

'KC8;H E< 8KIO I;HL;HI 7J 7BB IJ7J?EDI ?D ;79> 9;BB 7D: ?D J>; IOIJ;C ?I =?L;D ?D-78B;
+EKD:?D= KF J>;I;
L7BK;IJEJ>;D;7H;IJ8?==;H?DJ;=;H=?L;ID;9;II7HODKC8;HE<I;HL;HI

+7J?EE<8KIOI;HL;HIJEJ>;D;9;II7HODKC8;HE<I;HL;HI=?L;IJ>;KJ?B?P7J?EDE<IJ7J?EDI
"D-78B;KJ?B?P7J?EDE<
;79>IJ7J?ED?DJ>;9;BBI7D:?DJ>;IOIJ;CM?J>EL;H7BBKJ?B?P7J?EDE<J>;9;BBI7D:J>;IOIJ;C?I=?L;D

190   M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
-78B; 
)HE:K9J?EDH7J;IE<IJ7J?EDI

0-#3"2(-,0 2$. 021+(,
$** $** $** $**	 $**
 $** 512$+
+F! 
 
 
 
 
 
 

+F- 
 
 
 
 
 
 

+F& 
 
 
 
 
 
 

+F 
 
 
 
 
 
 

+F 
 
 
 
 
 
 

+F 
 
 
 	 	 	 

+F 
 
 	 
 	 
 

+F" 
 
 
 
 
 
 

+F 
 	 	 
 
 	 

+F-H 
 
 
 
 
 
 

-78B;
'KC8;HE<8KIOI;HL;HI7JIJ7J?EDI

3+!$0-%!3151$04$01
$** $** $** $**	 $**
 $** 512$+
,! 
 
 
 
 
 
 

,- 
 
 
 
 
 
 

,& 
 
 
 
 
 
 

, 
 
 
 
 
 
 

, 
 
 
 
 
 
 

, 
 
 
 	 	 	 

, 
 
 	 
 	 
 

," 
 
 
 
 
 
 

, 
 	 	 
 
 	 

,-H 
 
 
 
 
 
 

-78B;
.J?B?P7J?EDE<IJ7J?EDI

2(*(6 2(-,
$** $** $** $**	 $**
 $** 512$+
.! 
 
 
 
 
 
 

.- 
 
 
 
 
 
 

.& 
 
 
 
 
 
 

. 
 
 
 
 
 
 

. 
 
 
 
 
 
 

. 
 
 
 	 	 	 

. 
 
 	 
 	 
 

." 
 
 
 
 
 
 

. 
 	 	 
 
 	 

.-H 
 
 
 
 
 
 

.I 
 
 
 
 
 
 

?IJH?8KJ?D=I;HL;HIJEJ>;9;BBIH;:K9;IJ>;;<<?9?;D9OE< J>;IJ7J?EDIIEKJ?B?P7J?EDE<;79>IJ7J?ED ?DJ>;IOIJ;C
?ICK9>>?=>;H J>7D J>;KJ?B?P7J?EDE<IJ7J?EDI ?D J>;9;BBI 7II;;D <HEC-78B;
';L;HJ>;B;IIIFB?JJ?D=IOIJ;CJE
9;BBI ?I ?CFEHJ7DJ <EHC?D?C?P?D= JH7DIFEHJI7D:&%-I7D:I?CFB?<O?D=C7DK<79JKH?D=FHE9;II
.I?D=IEC;E< J>;
I;HL;HI9ECCEDBO8;JM;;DD;?=>8EKH9;BBI9EDI?:;H78BO:;9H;7I;ID;9;II7HODKC8;HE<I;HL;HI7II;;D?D-78B;

';9;II7HODKC8;HE<I;HL;HI?DJ>;9EDL;DJ?ED7B7J;B?;HJOF;IOIJ;C7D:?DJ>;<B;N?8B;9;BBKB7HIOIJ;C7D:?DJ>;
?:;7BIOIJ;C7H;=?L;D?D-78B;
"DJ>;9;BBKB7HIOIJ;C9;BBI97D;?J>;H8;?D:;F;D:;DJ<HEC;79>EJ>;HEH97D8;
:;F;D:;DJ 8;97KI; E< 9ECCED KI7=; E< IEC; I;HL;HI JE :;9H;7I; D;9;II7HO DKC8;H E< I;HL;HI 7D: ?D9H;7I;
KJ?B?P7J?ED7I?J?IC;DJ?ED;:8;<EH;

,;GK;D9;E<I;HL;HI?D79;BB?I7BIEL;HO?CFEHJ7DJ?DH;:K9?D=JH7DIFEHJJ?C;I
!EBB?;H0?B:J;9>D?GK; ?I KI;:JE
C?D?C?P;879AM7H:CEJ?ED ?D J>;9;BBIM>?9> ?D9H;7I;I J>;CEJ?EDI JH7DIFEHJ J?C;I7D: J>KI &%-I
 "D?=KH;
CEJ?EDI E< F7HJI )
 )
 7D: )
 7H; I>EMD 799EH:?D= JE ;D>7D9;: I;HL;H 7B?=DC;DJ ?D 7 B?D; JOF; 9;BB
:;I?=D

191 M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
-78B; 
'KC8;H7D::?IJH?8KJ?EDE< D;9;II7HO I;HL;HI?DJ>;9;BBI

3+!$0-%1$04$01
2 2 2 2 2 2 2 20
2


- 
#7
,&

$**   	 	 	 	 	 
2
 
2


,*
- 
#7
,&

-++-, 	 	    	 	 
$**   	 	 	  	 
-++-,       	 	
$**   	 	 	   
-++-,	 	 	 	 	 	 	 	 	
$**	     	   
-++-,	
 	   	 	 	  	
$**
   	 	 	 	  
-++-,
 	 	 	  	 	 	 
$**     	  	 
-2 *         
-78B;
ECF7H?IEDE<J>;D;9;II7HODKC8;HE<I;HL;HI

$"$11 05,3+!$0-%1$04$01 
2 2 2 2 2 2 2 2 2 20 -2 *
EDL;DJ?ED7B7J;B?;HJOF; &,           
&,M?J>?D:;F;D:;DJ9;BBI           
&,M?J>9ECCEDI;HL;HKI7=;           
":;7BIOIJ;C           
?=

,;GK;D9;7D:MEHA<BEM<EH;BB

	 $13*21 ,#(1"311(-,1
D7BOJ?97BH;IKBJI7H;9ECF7H;:M?J>J>;9EDL;DJ?ED7BC7DK<79JKH?D=9ED:?J?EDIE<J>;IOIJ;CJE:;J;HC?D;J>;
;<<;9J?L;D;IIE<J>;?CFB;C;DJ7J?ED
(8J7?D;: H;IKBJII>EM;:J>7JJEJ7BJH7L;B:?IJ7D9;7D:J?C;E<J>;F7HJI?DJ>;
IOIJ;C:;9H;7I;::H7C7J?97BBO ?D J>;&,
79AM7H:CEJ?ED ?D 7BB 9;BBI 7H; 97B9KB7J;: JE8;KD:;H <EH 7BB
F7HJI
 &EH;EL;H ;<<?9?;D9O E< J>; IOIJ;C ?I ?D9H;7I;: 8O :;9H;7I?D= ?:B; J?C;I E< J>; MEHAIJ7J?EDI
 &%-I
F7HJFHE:K9J9EIJI IJE9A?D=7CEKDJI7D: B78EHD;;:I7H;:;9H;7I;: ?D J>?IM7O
-EJ7BKJ?B?P7J?EDE< J>; IOIJ;C ?I
97B9KB7J;: JE 8; 
  M>?9> ?I 7FFHEN?C7J;BO   >?=>;H J>7D J>; ;N?IJ?D= 9EDL;DJ?ED7B 7J;B?;H JOF;
C7DK<79JKH?D=IOIJ;C

->;IJK:OFH;I;DJI7DEL;H7BB7D7BOI?IFHE9;:KH;<EHCE:;B?D=7D::;I?=DE<7D&,
->?IFHE9;:KH;I>EKB:8;
KI;<KB<EH:?<<;H;DJJOF;IE<C7DK<79JKH?D=IOIJ;CI7IM;BB7I&,I
7HHO?D=EKJJ>?IFHE9;:KH;FHEL?:;I?DI?=>JED
J>;H;IKBJI E<F7II?D=JE & <HECJ>;7IF;9JIE<FHE:K9J?EDH7J?E;<<?9?;D9O7D:9EIJ

192   M. Emin Erdin and Alper Atmaca /  Procedia Technology  19 ( 2015 )  185 – 192 
$%$0$,"$1
45 B	-7C?C?&8?:? &!&?7D,!7B7C#
 D7BOI?IE<F;H<EHC7D9;C;7IKH;IE<<B;N?8B;C7DK<79JKH?D=IOIJ;C
#$?D=,7K:.D? R
D=?D;;H?D=,9?	

45 %;?!1?D=$!7D%1?ED= ;3
;7:BE9A	<H;;I9>;:KB?D=<EH<B;N?8B;C7DK<79JKH?D=IOIJ;CIKI?D=);JH?D;JI7D:>;KH?IJ?9I;7H9>

ECFKJ;HI"D:KIJH?7BD=	

45  HEEL;H&)
KJEC7J?ED)HE:K9J?ED,OIJ;CI7D:ECFKJ;H	"DJ;=H7J;:&7DK<79JKH?D=
H:;:
)H;DJ?9;!7BB

45 +K?P&7PEHB7K7HJ;HE&79?7!
"CFHEL?D=F;H<EHC7D9;?D<B;N?8B;C7DK<79JKH?D=IOIJ;CI
#%E=?97D:B=;8H7?9)HE=H7CC?D=
	

45 B:7?>7D?&&,7LI7H&
IJE9>7IJ?9CE:;B<EHJ>;7D7BOI?IE<7JME	C79>?D;<B;N?8B;C7DK<79JKH?D=9;BB
ECFKJ;HI"D:KIJH?7BD=
R

45 );HI?).AEL?9>0);I;DJ?+'?AEB?9>&
>?;H7H9>?97FFHE79>JEFHE:K9J?EDFB7DD?D=7D:I9>;:KB?D=E<7<B;N?8B;C7DK<79JKH?D=
IOIJ;C
+E8EJ?9I7D:ECFKJ;H"DJ;=H7J;:&7DK<79JKH?D=	

45 +;P7?;$(IJ7:?
C7J>;C7J?97BCE:;B<EHEFJ?C7B7D:F>7I;:?CFB;C;DJ7J?EDE<<B;N?8B;C7DK<79JKH?D=IOIJ;CI
FFB?;:&7J>;C7J?9I
7D:ECFKJ7J?ED	

45 7I,+7D;B
D7B=EH?J>C<EHI9>;:KB?D=87J9>;IE<F7HJI?D7CKBJ?	9;BB<B;N?8B;C7DK<79JKH?D=IOIJ;C
 "DJ#)HE:K9J?ED9EDEC?9I
	

45 SD=;BE 7IJ7B:?&%;L?7B:?'
);H<EHC7D9;7D7BOI?IE<7<B;N?8B;C7DK<79JKH?D=IOIJ;CIJ7J?IJ?97B7FFHE79>
"DJ#)HE:K9J?ED
9EDEC?9I		

45 #7?D&&7>;I>M7H?,7=>;B$),
*K;K;?D=D;JMEHACE:;BB?D=E<<B;N?8B;C7DK<79JKH?D=IOIJ;CKI?D=C;7DL7BK;7D7BOI?I
FFB?;:
&7J>;C7J?97B&E:;BB?D=	

45 %;;$?C2
,9>;:KB?D=B=EH?J>CI<EHB;N?8B;&7DK<79JKH?D=,OIJ;CIM?J>)7HJ?7BBO HEKF;:&79>?D;I
#&7DK<79JKH?D=,OIJ;CI
	

45 .C">;ED!%;;!
->;I?CKB7J?ED:;I?=D7D:7D7BOI?IE<7B;N?8B;&7DK<79JKH?D=,OIJ;CM?J>KJEC7J;: K?:;:/;>?9B;,OIJ;C
#
&7DK<79JKH?D= ,OIJ;CI	

45 $KC7H',,H?:>7H7D+
,?CKB7J?EDCE:;BB?D=7D:7D7BOI?IE<F7HJ7D:JEEB<BEM9EDJHEB:;9?I?EDI?D7<B;N?8B;C7DK<79JKH?D= IOIJ;C

+E8EJ?9I7D:ECFKJ;H	"DJ;=H7J;:&7DK<79JKH?D=	

45 $KC7H',,H?:>7H7D+
,?CKB7J?EDCE:;B?D=7D:7D7BOI?IE<JEEBI>7H?D=7D:F7HJI9>;:KB?D=:;9?I?EDI?DI?D=B;	IJ7=;CKBJ?C79>?D;
<B;N?8B;C7DK<79JKH?D=IOIJ;CI
 +E8EJ?9I7D:ECFKJ;H	"DJ;=H7J;:&7DK<79JKH?D=	

45 ,>?H7P?&7>:7L?"&7>:7L?	C?H?'
?E,?C	&,D?DJ;BB?=;DJ9E	I?CKB7JEH<EHJ>;7:7FJ?L;9EDJHEBE<9ECFB;N<B;N?8B;
C7DK<79JKH?D=IOIJ;CI
,?CKB7J?ED&E:;BB?D=)H79J?9;7D:->;EHO	

45 )EJJI'0>?J;>;7:#
0EHABE7:87B7D9?D=7D:BEEFB7OEKJ?DJ>;:;I?=DE<7<B;N?8B; C7DK<79JKH?D=IOIJ;C
KHEF;7D#(F;H7J?ED7B
+;I;7H9>	

45 %;;#%;;#,
!;KH?IJ?9I;7H9><EHI9>;:KB?D=<B;N?8B;C7DK<79JKH?D=IOIJ;CIKI?D=BEM;H8EKD:H;79>78?B?JOC7JH?N
 ECFKJ;HI
"D:KIJH?7BD=	

45 !K7D= #?7D=+3>7D= 
,;7H9>IJH7J;=O<EHI9>;:KB?D=<B;N?8B;C7DK<79JKH?D=IOIJ;CII?CKBJ7D;EKIBOKI?D=7:C?II?8B;>;KH?IJ?9
<KD9J?EDI7D:DED7:C?II?8B;>;KH?IJ?9<KD9J?EDI
 ECFKJ;HI"D:KIJH?7BD=?D;;H?D=	

45 ,>7H7<7B?&E! E>&
)HE:K9J?EDI9>;:KB?D=?D7<B;N?8B;C7DK<79JKH?D=IOIJ;CKD:;HH7D:EC:;C7D:
KHEF;7D#(F;H7J?ED7B
+;I;7H9>	

45 )79>;H=;H-,7BB;P2EDJ;-:7C-H;DJ;I7KN
+;79J?L;7D:;D;H=O	7M7H;I9>;:KB?D=E<<B;N?8B;C7DK<79JKH?D=IOIJ;CI
KI?D=FEJ;DJ?7B<?;B:I
ECFKJ;HI?D"D:KIJHO	

45 ,7LA?D/,ECBE#
(FJ?C7B:?IJH?8KJ;:H;7B	J?C;I9>;:KB?D=E<<B;N?8B;C7DK<79JKH?D=D;JMEHAICE:;B;:7I>O8H?::OD7C?97BIOIJ;CI

+E8EJ?9I7D:ECFKJ;H	"DJ;=H7J;:&7DK<79JKH?D=	

45 )79>;H=;H-EDJ;--H;DJ;I7KN
(+	&,7:OD7C?97H9>?J;9JKH;<EHJ>;EFJ?C?P;:7D:H;79J?L;9EDJHEBE<<B;N?8B;
C7DK<79JKH?D=I9>;:KB?D=
ECFKJ;HI?D"D:KIJHO	

45 ,J;HD7&
%7J;MEHAC?D?C?P7J?ED?D7IC7BB<B;N?8B;C7DK<79JKH?D=IOIJ;C
ECFKJ;HI"D:KIJH?7BD=?D;;H?D=	

45 27D=-);J;HI-K&
%7OEKJ:;I?=D<EH<B;N?8B;C7DK<79JKH?D=IOIJ;CI9EDI?:;H?D=I?D=B;	BEEF:?H;9J?ED7B<BEMF7JJ;HDI
KHEF;7D#
(F;H7J?ED7B+;I;7H9> 	

